Background. Because agriculture is the livelihood base for the majority of people affected by AIDS in sub-Saharan Africa, the interactions between AIDS and agriculture, and their implications for policy and programming, are of fundamental importance.
Background
The AIDS epidemic in southern Africa is a multisectoral development crisis, eroding the capacity of key national sectors through its effects on human, financial, social, and institutional assets. Because agriculture is the livelihood base for the majority of people affected by AIDS in sub-Saharan Africa, the interactions between AIDS and agriculture, and their implications for policy and programming, are of fundamental importance. The evidence base has developed considerably in recent years, with many leading studies being presented at the International Conference on HIV/AIDS and Food and Nutrition Security, organized by the International Food Policy Research Institute (IFPRI) in 2005 [1] .
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The views expressed in this paper do not necessarily represent the views of the organizations with which the authors are affiliated. This paper draws from individual research studies that may have been presented at conferences and individually published elsewhere. See references for publication details. This paper represents an original document and has not been presented anywhere else. Security), which comprises national research-policy networks in five countries. RENEWAL's research agenda, driven in large part by local stakeholders, focuses on elucidating the interactions between AIDS and food security, and on what determines household and community resilience to livelihood shocks such as AIDS, with the ultimate aim of improving policy and program responsiveness to these interactions.
Objective
This paper summarizes evidence gleaned from three RENEWAL research studies using complementary quantitative and qualitative methodologies and one policy review on the interactions between AIDS and agriculture in Zambia and their implications for future policy and programming. We highlight evidence of a bidirectional relationship-that is, the downstream pathways through which AIDS affects agriculture as well as how certain features of the social and agricultural system determine the upstream risks and vulnerabilities to HIV exposure. We also show how AIDS is becoming intertwined with other threats to rural livelihoods in Zambia. Finally, we argue that such dynamic complexity across time and space requires us to go beyond simple household-level analyses to determine the type and nature of impacts and necessary responses.
Studies and methods
In brief, the studies were: an analysis of a nationally representative longitudinal survey [3] , a cross-sectional survey and in-depth inquiry of four communities sampled from the same panel [4] , a longitudinal in-depth restudy of two communities [5] , and a review of agricultural policies and programs [6] . We briefly describe the research methods here; more detailed descriptions are available in the original study papers.
Most household-level panel studies have measured the effects of mortality in afflicted households (i.e., those directly incurring a death) on various outcomes by comparing them with nonafflicted households. But where HIV prevalence is high, the nonafflicted households may not be a valid control, given the high likelihood that they will be indirectly affected by the mortality occurring around them. They may be affected by taking in orphans, by losing access to resources owned by kin-related afflicted households, through resource transfers to afflicted households, and via broader effects of high mortality rates on communities' economic and social structures.
Motivated by the need to understand the complex interactions and relations between households in such contexts, the unit of analysis adopted for each of the RENEWAL studies varies, spanning the individual, household, cluster, and community levels. Such variation provides a lens on how the effects of HIV and AIDS may be experienced at different levels of social structure, thus drawing attention to the wider socioeconomic landscape within which households operate and exposing the vulnerabilities and/or strengths of each social unit. Quantitative methods were used to quantify the effects of AIDS on agriculture, with qualitative methods being applied to examine processes that underpin exposure to HIV and resilience to the impact of AIDS. Collectively, the studies demonstrate the value of using different methods of inquiry to understand a complex phenomenon.
Jayne et al. analyzed nationally representative longitudinal survey data collected on a panel of 5,420 households from 393 rural standard enumeration areas (or villages) in 2001 and 2004 [3] . Village fixed-effects models on differenced outcomes were estimated to measure the relationship between changes in adult mortality rates from 2001 to 2004 and area of land under cultivation, crop output, and per capita income at the community level, controlling for time-invariant unobservable characteristics and initial community conditions. Prime-age adult mortality rates from this panel have been found to be highly correlated with district HIV prevalence from antenatal clinics, suggesting that a large portion of prime-age mortality in the national study is due to AIDS-related causes [7] . This is one of the few studies to quantitatively examine community-level impacts of AIDS-related prime-age adult mortality. The study was approved by the Michigan State University Institutional Review Board.
Byron et al. drew on both qualitative and quantitative data collected in 2005 in Zambia's Southern Province [4] . The research focused on four rural areas stratified by adult mortality rates and indicators of community resilience, including change in median household asset value and income measured between the two rounds of panel data described above. Data collection included 179 household surveys, 60 in-depth interviews, and over 30 discussions with key community and institutional stakeholders. Households were classified according to whether they had experienced an adult death in the last 3 years, currently cared for a chronically ill member, were headed by a widow, or cared for orphans. This study set out to identify individual and community responses to the AIDS epidemic and other livelihood shocks, with a particular focus on the structural drivers of HIV transmission. The study was approved by the Research Ethics Committee of the University of Zambia in Lusaka prior to the commencement of fieldwork.
Using anthropological and ethnographic methods, Drinkwater et al. restudied two communities, one periurban and one rural, 12 years after the original study, in Zambia's Copperbelt and Central Provinces, using the concept of "cluster" as the unit of analysis [5] . A cluster is defined as "a group of producers between which there are multiple resource exchanges, usually based on the factors of kinship, labor, and food exchange, and/or common access to draught power. " With the use of various participatory and qualitative data-collection techniques, 54 clusters covering a total of 218 households were identified in 1993 for the original study and revisited again in 2005 by the original team of researchers. The objective was to understand how individuals, households, and production networks adapted or disintegrated over time as a result of ill health and death, specifically that related to AIDS. During the follow-up visit in 2005, a remapping exercise explored the extent to which deaths were likely to have been due to AIDS and the impact on livelihoods.
Finally, a desk review of three key national agricultural policies and programs, from the perspective of their potential influence and interactions with HIV and AIDS, was conducted by the Farming Systems Association of Zambia for RENEWAL [6] . The review examined how these policies or programs may be increasing or reducing the risks people face of either contracting HIV or suffering detrimental livelihood impacts flowing from AIDS-related illness and death, and sought to identify where the responsiveness of agricultural policies and programs to HIV and AIDS can be strengthened.
Results
In this section we highlight some of the empirical findings, drawing on relevant literature from Zambia where appropriate, first examining how livelihoods may increase susceptibility to HIV before looking at the downstream impact of AIDS on livelihoods (mainly agricultural), and drawing attention to the ways in which different social units are responding. Finally, we present the implications of these interactions for sectors concerned with livelihood security and agricultural development and how they may better respond so that their core goals are met.
Who is most at risk?
Central to curbing the spread of HIV is a better understanding of who is more susceptible to the virus and what economic, social, cultural, and political factors and processes are responsible for their heightened exposure to the virus.
In line with earlier evidence, more than 60% of the prime-age deaths observed in a nationally representative rural Zambian sample between 2001 and 2004 were among women [7] . The marginal probability of dying from disease and AIDS-related causes rises steeply from age 15, peaking between the ages of 30 to 39 for women and 45 to 59 for men.
Consistent with findings in the early stages of the epidemic, men in the upper half of the asset distribution are more likely to die of disease-related causes in Zambia than poor men [7] . In contrast, poor women are equally likely to die as economically better-off women.
Livelihoods and the risk of exposure to HIV
Livelihood activities can influence susceptibility to HIV in several interrelated ways. They influence rural-urban mobility which is a known marker of enhanced risk of casual sex, and they influence the structural context of labor arrangements, such as wage structure and the inflow and outflow of migrant labor, thereby altering the economic dynamic of transactional sex.
The findings from the nationally representative data set and local perceptions from in-depth research concur in identifying mobility as a significant marker of risk. For example, Chapoto and Jayne found that men and women who spent more than 2 months per year away from their household had a greater probability of death from disease-related causes than men and women with the same characteristics who remained at home [7] . The identified driver of increased ruralurban migration is declining agricultural production due to repeated droughts in the last two decades as well as economic liberalization measures. Byron et al. reported that the participants in their study associated economic liberalization with reduced access to agricultural inputs and inability to compete effectively in a liberalized market, and hence resorted to low-cost and easily managed trading activities [4] . The sale and closure of companies due to economic liberalization in Zambia has further decreased wage labor opportunities, especially for women.
The sugar industry in Zambia is dependent on migrant labor. Here both the migrant laborers (and their spouses remaining at home) and the communities in which commercial farming exists are at a heightened susceptibility. For example, in Mazabuka District there is a regular pattern of seasonal workers, mostly from Western Province, coming to cut sugarcane for 8 months. Cane cutters often form temporary marriages with local residents while they are working as seasonal migrant laborers [4] .
The structural context of the labor arrangements also contributes to the demand for transactional sex. Although considered very arduous and physically demanding, cane-cutting jobs command higher monthly wages than most permanent positions. In the rural areas of Zambia, women have less access to economic resources, and men, especially those with higher disposable income, provide the demand for casual sexual encounters [4] .
Where women have access to resources, it is likely that their susceptibility is reduced. Analyzing the nationally representative rural Zambian sample, Chapoto and Jayne found that relatively poor women with some form of formal or informal business income were 15% less likely to die of disease-related causes than those without any such income, a finding suggesting that efforts to provide greater income-earning opportunities for women may make at least a modest contribution to reducing women's susceptibility to HIV [7] .
Impacts of AIDS on Livelihoods
We turn now from the upstream risks of people's exposure to HIV, and how their livelihood strategies affect these risks, to examine the degree and types of impacts of AIDS on these livelihoods. The findings of the three research studies offer cautious support for the view that prime-age adult mortality is adversely affecting agrarian-based economic systems in regions hard-hit by the AIDS epidemic in Zambia, yet the nature and severity of these impacts are modified by the specific characteristics and initial conditions of households, clusters, and communities. The findings demonstrate the importance of studying the impacts of the AIDS epidemic in the context of several overlapping and interacting sources of vulnerability and the multiple resource flows and relationships among households.
The impact of the epidemic on land cultivation to date has been modest. Jayne et al. found that a rise in the community-level adult mortality rate from 0% to 24% was associated with a 6% decline in land area cultivated at the community level [3] . The authors also found relatively small and independent marginal effects of prime-age mortality on community-level crop output, mean income, and income per capita. The study also found limited evidence to support the widespread view that communities cope with the reduction in labor supply resulting from prime-age adult mortality by switching to labor-saving crops such as cassava. Both of the in-depth studies reveal the importance of understanding such shifts in cropping patterns within the context of multiple threats and stress that households face, including livestock diseases and macroeconomic policies. Similar to the earlier example in which economic liberalization accelerated the mobility of people, which can increase risk, we see the importance of the shifting macroeconomic landscape in conditioning the impact of AIDS.
Vulnerability may be viewed as a composite function of the type and degree of socioeconomic change in relation to the ability to respond to such change. Where response options become limited, households become more vulnerable. The positive flipside is resilience, which is related to the flexibility and diversity of responses that are available.
All three studies found that initial household, cluster, or community conditions, such as level of mean education, relative wealth, farm size, social support system, population density, and connectedness with markets and infrastructure, play a critical role in enabling resilience. The matrilineal system, with its relatively weak bonds of marriage and multiple residential options, was found to be quite resilient to AIDS impacts [5] .
Relatively wealthy social units are better able to maintain their cereal production than poorer units with similar mortality rates, because they have more ability to "recruit" or retain active young men in the cluster. For example, the cluster analysis found that only the wealthier clusters in the Mpongwe area, now a District center with good communication and road access to Copperbelt urban markets, were able to increase their maize production since 1993 [5] . Their wealth and proximity to the market enabled them to take advantage of agricultural policy change and programs, such as subsidized input programs requiring down payments. The clusters in rural Teta, on the other hand, with a limited supply of inputs, increased their reliance on more traditional crops that were less remunerative but more feasible when labor is constrained. In addition, wealthier clusters were better able to distribute orphans among female carers. Communities with higher mean education levels were more adversely affected by adult mortality [3] . This is possibly because educated adults tend to be relatively productive, and as they become sick and die, there are greater ripple effects felt throughout their extended network-a result reaffirming the importance of examining the effects on clusters and communities rather than single households.
Taken together, despite modest impacts of AIDS on various indicators related to community-level agricultural production [3] , caution is warranted toward the potentially spurious conclusion that under scenarios of minimal aggregate impact, households would also remain largely unaffected by HIV/AIDS. First, aggregate-level impacts may mask a potential worsening of inequality within communities and households in the long term, as evidenced by in-depth qualitative studies. For example, Byron et al. provide significant evidence of asset erosion of households resulting from adult death, suggesting distress sales or property grabbing [4] . Such inequalities can increase HIV spread and reduce long-term resilience to AIDS impacts. Second, no country is close to the peak of AIDS impact in sub-Saharan Africa, though a few are over the peak of the HIV infection wave. In consistency with the quantitative evidence of Chapoto and Jayne [7] , Drinkwater et al. found that prime-age mortality tended to be more concentrated among secondary producers, i.e., younger adults who would be expected to become primary producers in the future. This suggests that the full impact of AIDS on agriculture should be viewed over a relatively long-even intergenerational-period of time.
The implications of AIDS for national programs
To address rural poverty, the Government of Zambia, with support from the donor community and working through a number of nongovernmental organizations, has implemented several programs. The three reviewed here fall along the continuum of social protection (Public Welfare Assistance Scheme), food security (Food Security Pack), and income generation (Fertilizer Support Program).
The policy review as well as the two in-depth studies identified several factors that enable or hinder people's access to these formal support programs. Agricultural input support programs were found to benefit male-headed households more than female-headed households, which probably indicates targeting to more resource-endowed households capable of meeting program requirements. The Public Welfare Assistance Scheme has been more effective in reaching households headed by the elderly and widows, but it is seriously underresourced. Both in-depth studies found that safety net programs were significantly underresourced in the context of need.
A weakness of these three national programs is that they do not take the multiple vulnerabilities of livestock loss, drought, poor market access, chronic illness, and adult mortality into account in their design and targeting. For households that fall below the "vulnerable but viable" cutoff, an effective social protection program does not exist.
As such, the two in-depth studies show that the extended social and production networks are disproportionately bearing the burdens of livelihood shocks, compared with community or external institutions. Households and clusters rely on financial, food, and labor support from relatives and neighbors to meet their needs and mitigate detrimental impacts on production and food security. However, vulnerability to environmental (and macroeconomic) shocks also threatens the effectiveness of social network support. For example, in 2004/05, households in Southern Province were universally hit by the drought. Such a regional-level shock affecting entire communities can make reliance on the extended family a less secure mitigation strategy. Responses were driven by the need to raise cash to purchase food, with household members seeking casual employment, relying more on nonfarm income activities, selling livestock, relying on transfers from relatives, and even reducing the frequency of meals. The fragility of such a response, relying as it does on the extended family's not being hit simultaneously by similar shocks or stresses, is clear.
Policy implications and conclusions
Several lessons and recommendations emerge from a combined analysis of findings from the studies described here. First, it is clear that AIDS is exposing the fragility of people's livelihoods in Zambia-a fragility that derives from multiple sources of vulnerability, many of which interact with and are worsened by AIDS. Such complexity requires a diversity and flexibility of response. In responding to the challenge of AIDS in the agricultural sector, the government needs to factor in the multiple vulnerabilities of livestock disease, drought and other crop loss, poor access to agricultural inputs, a lack of diversified opportunities for income generation, chronic illness, and adult mortality, as well as interdependence among social units.
Second, the circumstances in which people work are revealed as key determinants of their susceptibility and vulnerability. Overall, the cliché "men, mobility, and money" (as drivers of HIV spread) seems to fit the findings of RENEWAL Zambia studies. But our study also emphasizes women's susceptibility in the context of prevailing gender norms, perceptions and practices of sexuality, and unequal access to resources. Both indepth studies report that women have little power in sexual decision-making. It is critically important that the gender inequities that underlie social and economic vulnerability and agency be addressed within prevention strategies [2, 8] and that men be directly involved in such initiatives.
Third, interventions to augment agricultural income in general should be re-viewed through an HIV lens, and perhaps modified, to maximize their chances of achieving their own objectives in the context of the AIDS epidemic. They may need to be accompanied by complementary interventions to reduce the incidence of risky behaviors, including interventions to reduce women's vulnerability to sexual exploitation in the workplace, reduce alcohol and tobacco consumption by men, and increase access to and acceptability of testing and treatment for sexually transmitted diseases among rural populations.
Fourth, in viewing the sources, levels, drivers, and dynamics of vulnerability from a broader perspective, it is important to go beyond the discrete household as a unit of analysis to include wider networks of productive exchanges, including extended families, clusters, and communities. Because HIV is disproportionately affecting prime-age adults in Zambia, the role of surviving younger and elderly producers in the future of agricultural livelihoods requires greater attention.
Fifth, the temporal aspects of the epidemic and its effects must be kept in clear focus. Both short-and longer-term responses are necessary. Agricultural policy, programming, and support-by both governments and donors-needs to become more proactive and more long-term if it is to effectively strengthen community capacity to respond to AIDS and other livelihood shocks. The recurrent nature of droughts, set against a backdrop of the long-wave dynamics of the AIDS epidemic and an unstable macroeconomic environment, requires this. An "AIDS-responsiveness" needs to be integrated into National Development Programmes and other poverty-reduction initiatives. Livelihood diversification and improved access to credit, markets, and off-farm income activities, combined with efforts to prevent the spread of the epidemic, may contribute to wealth protection and resilience to the effects of HIV and AIDS.
Sixth, for those who are unable to take advantage of such rural economic initiatives, broad-based social protection measures are needed. AIDS-affected households and clusters require assistance to protect their assets and livelihoods during chronic illness and after the death of an adult member. Current systems are not positioned to respond to acute shocks or to support the responses of extended family networks. Institutional responses, where they exist, are underresourced to meet actual demand. This is further hindered by a lack of coordination by rural development institutions, government line departments, and community-based organizations in effective targeting and program implementation. Formal state-led social protection needs to focus simultaneously on supporting community resilience and providing effective safety nets where local capacity is exceeded. Targeting approaches need to respond to multiple vulnerabilities and the interdependence of social units and should derive more explicitly from community perceptions of what is needed and by whom.
Overall, with the exception of a few recent small-scale initiatives, we found little evidence of successful, proactive community responses to the epidemic. The need to maximize the scale of response, while simultaneously addressing the local drivers of risk in thousands of different communities with varying cultural contexts and needs, remains a fundamental challenge.
